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(57) Claim 

1 • A solid state anemometer comprising : 

(A) a differential temperature measurement circuit 

including: 

i. a bridge circuit 

ii. A source of bias supply connected to opposite 
corners of said bridge circuit thereby to define two 
branches in shunt to said bias supply; 

iii. each branch having in series a current 
limiting resistor and £ Zener diode poled so that its P-N 
junction is back-biased by said supply; and 

iv. means, for connecting the conductor between 
said current limiting resistor v and the associated zener 
diode of each branch to respective output circuits whereat a 
differential output voltage can be sensed; 

the values of said current limiting resistors and the 
breakdown voltage-current characteristics of said Zener 
diodes being substantially identical; the voltage of said 
bias source being sufficient to cause a reverse breakdown of 
substantially equal value to flow through each of said Zener 
diodes, whereby when the temperature of said two Zener 
;diodes is substantially the same over a considerable range 
of ambient temperatures the said differential output voltage 
is substantially negligible; and whereby, as the 
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(10) 576361 c " 

temperature difference between said Zener diodes increases 
over said considerable range of ambient temperatures, said 
differential output voltage varies substantially and 
correspondingly in linear relation to said temperature 
difference; wherein both said Zener diodes are under the 
thermal influence of a fluid, one : of said Zener diodes being 
exposed to the 'thermal influence of a fluid flow and the 
other Zener diode being isolated from said fluid flow, 
whereby the heat developed by the reverse breakdown current 
through each Zener diode is dissipated differently because 
of the difference in fluid flop; and 
(B) means for measuring the differential output 

voltage, if any, existing between said diodes caused by the 
cooling'effect o'f said fluid flow, if any, said^roeasured 
differential being an indication of fluid flow speed. 

4. An optical air pollution monitor, said monitor 

including a solid state anemometer according to^claim 1 
which is used as an air flow detector, one of the Zener 
diodes of said anemometer being exposed to a fluid flow in 
said monitor, said fluid being sourced from an area under 
surveillance, the other Zener diode of said anemometer being^ 
isolated from said fluid flow but being in fluid having 
substantially the same temperature as the area under 
surveillance, said differential output voltage being an 
indication of continuous fluid sampling s bv said air 
pollution monitor from said area under surveillance. 
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Complete Specification for the invention entitled: 



"IMPROVEMENTS RELATING TO SOLID-STATE 
ANEMOMETERS AND TEMPERATURE GAUGES" 



The following statement is a full description of this invention, including the best method of performing it known to us 



1. 



IMPROVEMENTS KELATING TO SOLID-STATE 
ANEMOMETERS AND TEMPERATURE GAUGES 

The present invention relates to a solid state 
anemometer or a temperature gauge and in particular to 

5 ,<■- anemometers for use in air-pollution monitoring techniques. 

The anemometer is an instrument for measuring the 
speed of air, whether for meteorological data, ventilation 

J testing or other purposes. The majority of anemometers 
comprise some form of impeller which rotates due to air 

10 movement. The speed of rotation is^ealibrated to provide 
a measure of air velocity. Such anemometers consist of- 
mechanical parts and consequently are costly to manufac- 
ture, are subject to wear and damage which reduces service 
life, and are difficult to miniaturize. Furthermore, 

15 because energy must be imparted to the impeller to overcome 
frictional. losses, there is a,,restriction : to flow when 
mounted within pipes. 

More recently, solid-state anemometers have been 
developed for use In ventilation testing. These utilize a 
pair of thermistor bead elements wired as a compensating 
circuit (see schematic, Fig. 1). It should be ; noted that 
the thermistors are passing current and are consequently 
dissipating heat, placing each thermistor at a modestly 
elevated" temperature relative to ambient, T,his is essential 
so that air flow may cause cooling of the sampling thermis- 
tor. One thermistor is exposed to the air flow (sampling * 
element), whilst the other thermistor is protected in still 
air at ambient temperature (reference element). Ideally, 
under conditions of zero air speed, the thermistors operate 
at equal temperatures and thus, the resistance value of 
each thermistor is equal and the compensating circuit is in 
balance (zero differential output). When air flows, the 
sampling thermistor is cooled, which alters. its resistance 
value, causing the circuit to become unbalanced. Accord- 
ingly the differential output voltage from the circuit can 
be calibrated in terms of air flow. The intention of the 
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consideration, since an aspirator of minimum energy input 
is necessary, to enable continued' operation* from modest- 
capacity standby batteries, in the event of mains , failure . 

A solid-state anemometer is known utilizing a 

5 thermistor compensating circuit to detect a loss of air 

flow, thence to create an appropriate alarm signal. However 
such an insitu anemometer must be capable of compensation 
for wide variations in ambient air /temperature , in many of 
the. applications of the smoke detector. 

10„<y. Descrip tion of Prior Art 

" '-^T ; 5 - 

) Reference will be made to Figures 1 to 3 illustra- 

ting known thermistor circuits and graphs of differential 
output voltages plotted against temperatures. 

The graphs of Fig. 1 show the differential output 
15 volta : ge from a compensat ing circuit, consisting of a typical 

I. : 

pair of precision thermistors. Under conditions of zero air 
flow, the differential output voltage is markedly dependent 
upon temperature. This dependence becomes yet greater, under 
conditions of maximum air flow (as determined by the given 

20 pipe network and aspirator). The ^vertical voltage excursion 
between these two curves, at any given ambient temperature, 
represents the response of the thermistor anemometer to all 
air speeds between zero and maximum. 

- The switching threshold, below which the alarm 

25 signal is to be generated, has been placed for convenience 
and is normally adjustable. This threshold switching func- 
tion is normally achieved by , means of a comparator circuit. 
At the typical ambient temperature of 20 C for example, the 
alarm would be generated should the differential output 

30 yoltage fall to about one-third of the possible voltage 

excursion. It should be noted that because of the^ non-linear 
^response of the thermistor anemometer to air-speed, this 
one-third voltage could represent an air speed of only 10 
to 207 o of the maximum. 

35 Such a span of operation .would be acceptable, . 

provided the ambient temperature deviation was small, in 
the region of 5 to 10°C (e.g. air-conditioned area). 



However, should the ambient temperature rise by 
20°C or more, it would become impossible to exceed the alarm 
threshold and an .alarm signal must be generated, irrespec- 
tive of air speed. Furthermore, should the ambient tempera- 

5 ture fall by 20°C or more, it would becomerimpossible to 
reach the alarm threshold and an alarm signal could not be 
generated, irrespective of air speed. For practical 
purposes, the full span of operation of such an anemometer 
would be rather less than 40°C, rendering it unsuitable for 

10 areas which are expos^d^tb seasonal temperature changes. 
To factory-set th s e alarm threshold, without knowledge of 
the .product destination, would be largely pointless. 

More significantly, the use of dust filters in 
association with the smoke detectors hac^ led to a require- 

15 merit for sensitive setting of the alarm threshold, according 
to the. actual flows achieved in the field, such that the 
partial-blocking :Of the .filter can be detected. It is not 
: sufficient merely to detect a total air flow loss. To delect 
for example, a 30% loss in flow., accurately across a range . 

20 of -20°C to +50°C, requires a substantial jump in the 
accuracy of temperature compensation • 

The reason for c the*poor performance of the 
thermistor design can be readily understood by reference 
to Figure 2 of the drawings which shows the individual out- 

25 put voltages from each thermistor, versus bead temperature 
of each thermistor, assuming a supply voltage of 15V DC and 
a series resistor of 2k Ohm.* Curves, A and B represent the 
worst-case tolerance extremities for the precision thermis- 
tors used. 

30. i Fig. 3 illustrates the differential output voltage 

of a compensating circuit comprising thermistors A and B. 
In the case where A and B are maintained at the same temper- 
ature, the differential output voltage (A-B) is relatively 
flat. This represents the zero air flow situation. In the 

"35 case where two identical thermistors are chosen (A-A) or ^ 

(BtB), the curve would be a horizontal straight line at zero 
volts. However if one thermistor is exposed to air flow, 
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such that its temperature is reduced by 20°C below the other 
for example, a very steep curve (A-B) results, even when,, 
perfectly matched thermistors are used (A-A) or (B-B) . , 
In summary i under conditions of imperfectly^ 
5 matched thermistors, the temperature drift relative to flow 
\ signal (differential voltage), at an ambient temperature 
of ?0°C and high air flow is about 1.67./°C. The difficult 
task of perfectly matching the thermistors would afford no 
improvement . 

10 The reason for this poor performance is a: funda- 

mental limitation of' the thermistor approach. Namely, it 
is the = inherent .non-linearity of the resistance vs. tempera- 
ture curve. This curve <is conveniently expressed in the 
form: , 

15 ^'j x R = A*exp(K/ (T+273) ) 

<C^ Where R is the resistance and T is the bead 

temperature (Celsius). A is a constant understood to lie* 
/ within the "r?nge 0.01293 to 0.03884 and K is a constant 
understood to lie within the range 4096 to 3681, as deter- 
20 mined by the" manufacturing process of the particular brand 
of thermistors chosen. ". r 

It can be seen that the dynamic resistance is a 
function o£ temperature. Because the two thermistors would 
operate at differing temperatures (depending upon air 
25 speed), they operate at different parts of this curve. Their 
dynamic resistances are different and .consequent ly it 
c becomes 'impossible for one to -compensate for. the other. 

r Intuitively therefore, any solution seemed to 
require temperature-sensing elements which had a linear 
30 response. 

Integrated circuit temperature-sensing elements 
have been developed, which have a quite linear response. 
However, these are costly and are comparatively large, which 
can present difficulties in miniaturization and restriction 
35 to^ir flow. They also have a significant thermal time- 
constant. Accordingly, an element of low complexity was 
' sought, such as a semi-conductor junction. 
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Forward-biased silicon diode junctions are known 
for their essentially linear temperature characteristic, 
commonly 2.2 mV/°C. Accordingly they have been used in 
temperature measurement, although their application to air' 
speed measurement is not previously known. Nevertheless, 
the forward votftagerdrop of a silicon diode is approximately 
,0.6V, and to dissipate sufficient power to raise the chip 
temperature, such that adequate sensitivity to. air flow 
would be achieved, would require substantial current flow, 
in the order of 100mA or more. This was unacceptable because 
.'.he $noke- detectpr. as a whole' must be highly energy- 
efficient, to enable operation from modest-capacity standby 
batteries \ in the event of mains failure. Accordingly this 

avenue was abandoned. 

* It' is an objective of the present invention to 
provide a solid state anemometer which is accurate , has low 
power consumption and is substantially independent of 
temperature variations over its working range. 

A furthev objective is to .provide a solid state 
temperature measuring instrument. 

a solid stated temperature measuring instrument Jqj^fiuid 
medium such as atmosphere including a zener ^di^e exposed " • 
to said fluid medium and exhibiting a voUa^output depend- 
ent upon temperature, and means for me^ring ^tid voltage 
output as. an indication of temperat>^f said fluid medium. 

In another aspect of th^invention there is 
provided a fluid flow meterji^luding a solid state circuit 
having a pair of semi-conductor junc t ion. means , one exposed 
to a fluid flow the ! otf*£ being isolated from said fluid 
flow, and means fpj^easuring the respective outputs, of said 
junction means^ogive an indication of fluid flow. 

(^nVeniently said, junction means are independently 

connect^grto said measuring means. 

There is provided according to the present invent- 
fdon j 1. 1 rl I il ji ii u Lh. iin-l udinft- 



• - 7a - 

There is provided according to one aspect of the 
present invention a solid state anemometer comprising: 
(A) a differential temperature measurement circuit- 

including: 

5 i. a bridge circuit 

ii. a source of bias supply connected to opposite 
corners of said bridge circuit thereby to define two 
branches in shunt to said bias supply; 

iii. each branch having in series a current 

10 limiting resistor and a Zener diode poled so that its P-N 
junction is back-biased by said supply; and 

iv. means for connecting the conductor bVtween 
said current limiting resistor and the, associated Zener 
diode of each branch to respective output circuits whereat a 

15 differential output voltage can be sensed; 

the valuejfof said current limiting resistors and the 
breakdown voltage-current characteristics of said Zener 
• diodes being substantially identical; the voltage of said 
bias source being sufficient, to cause a reverse breakdown of 
20 substantially equal value to flow through each of said Zener 
diodes, whereby when^the temperature of said two Zener 
diodes is substantially the same over a considerable range 
of r ambient temperatures the said differential output voltage 
is substantially negligible;, and whereby, as the 
25 temperature difference between said Zener diodes increases 
over said considerable range of ambient temperatures, said - 
differential output voltage varies substantially and 
correspondingly in linear relation to said temperature 
difference; wherein both said Zener diodes Wunder the 
30 thermal influence of a fluid, one of said Zener' diodes being* 
; .exposed to the thermal influence of a fluid flow and the 
other zener diode being isolated from said fluid .flow 
whereby, the heat developed by the reverse breakdown current 
through each Zener diode is dissipated differently because 
35 of the difference in fluid flow; and 

(B) means for measuring: the differential output 

.voltage, if any, existing between said diodes caused by the 
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cooling effect of said fluid flow, if any, said measured 
differential being an indication of fluid flow speed. 

According to a further aspect of the present 
invention, there is provided an optical air pollution 

5 monitor, said monitor including a solid state anemometer as 
described above which is used as an air flow detector, one 
of the Zener diodes of said anemometer being exposed to a 
fluid flow in said monitor, said fluid being sourced from an 
area under surveillance, the other Zener dicde of said 

10 anemometer being isolated from said fluid flow but being in 
fluid having substantially the same temperature as the area 
under surveillance, said differential output voltage being 
an indication of continuous fluid sampling by said air 
pollution monitor from said area under surveillance. 

15 * 
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d irodes connected in a compennot ing circuit <^ft ^r^io Ri 
one of said diodes adapted to be exposj^£0^S rr ^^ 
the other being isoljit^ flow, means for 

me **u^^ between said diodes, 

The invention will be described in greater detail 
having reference to the accompanying figures in which:- 

Figures 1 to 3 have aLready been described with 
reference to prior art thermistors; 

Figure A is a graph of test results on zener 
diodes having a bias .current set to produce a uniform power 
dissipation of 80 mill! watt (raW); 

Figure 5 is a'selector guide showing an approxi- 
mate zener diode for a required temperature' coefficient ; 

Figure 6 shows a representative sample of the 
temperature characteristic of numerous zener diodes; 

Figure 6(a) is a circuit for temperature measure- 
ment; v ; 

*i ; * 

Figure 7 is a graph of differential output yoicage 
against temperature of zener diode compensating circuit; 

Figure 7(a) is a schematic diagram of a zener 
diode compensating circuit; 

Figures 8 and 9 show examples of aneomometer 

construction; 

■_ . .. 

Figure 10 shows a typical anemometer calibration 
curve for a zener diode anemometer; 

Figure 11 is a block diagram of a simple arrange- 
ment for the flow meter with analogue output fed to a 
threshold alarm means (which may be remotely located); 

Figure 12 is a circuit diagram of the zener diode 
anemometer utilising a comparator for switching off the 
alarm output. 

The use of zener diodes in temperature measure- 
ment, let alone air speed measurement, is not' previously 
known to the applicant. They are normally operated in 
reverse-bias and little detail is published about their 
temperature characteristics. Depending upon the individual 
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zener diode's breakdown voltage, the temperature character- 
istic ii known to change in magnitude and sign. 

Tests were conducted and the averaged results .ire 
graphed in Fig. A. Each bias current was set Co product* a 
uniform power dissipation (80 mW),,to ensure substantially 
consistent junction temperatures 1 This demonstrates that 
the gradient is negative for a 3V device, becoming zero at 
about 4.7V, and increasingly positive at higher voltages. 
Most importantly, it can be seen that within the accuracy 
of measurement (lOmV), a linear relationship exists. 

Fig. 5 becomes a selector guide, whereby the 
appropriate zener dC;ode operating voltage may be chosen 
according to a required temperature coefficient. A straight- 
line approximation to the curve yields a simple relation, 
15 the accuracy of which is largely consistent with the spread 
'of results obtained thus far: 

G = 1.2*(Vz-.4.6) or, Vz = 4.G+(C/l.2) 
where G is the thermal gradient (mV/°C) and Vz is the 
nominal voltage of the zener diode. 
20 In viewof a 15V DC supply constraint, it was 

, decided to select nominally 8.2V zener diodes for more 

rigorous testing. For any given required power dissipation, 
the necessary bias current would be nearly 14 tiroes, less 
than for a regular (forward-biased) diode. 
25 * Fi S- 6 shows a representative sample of numerous 

zener diodes tested at random. All were nominally 8.2V but 
two different brands are represented. The linearity and 
correlation was most promising, with gradients close to 
4.0 mV/°C, In ail cases a bias current of 10mA was used. 

To take worst-case tolerance extremities, devices 
A and H were selected for use in the circuit configuration 
shown in Fig.. 7(a). Fig. 7 shows that the differential out- 
put voltage (A-H) is quite linear, with virtually no change 
in gradient. For example when a 20°C temperature differen- 
tial is applied, between junctions (because the sampling 
element is cooled by air. flow), there is virtually no change 
in the gradient (0.38 mV/°C becomes 0.37 mV/°C as shown). 
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In the case of perfectly matched device? UA-A) or (H-HJ), 
the differential output becomes completely independent of 
temperature. Unlike the thermistor situation, matching of 
... zener diodes is a relatively simple process (because of the 
I hitherto unconfirmed linearity of voltage variation as 
against temperature; and also the rugged construction). 

This linearity is therein confirmed by the above 
test results. £ 

The differential output voltage would normally 
be presented to a differential amplifier, with conventional 
DC offset adjustment, thence .to an alarm threshold switching 
device (comparator). 
In Summary 

Under conditions of imperfectly matched zener 
diodes, the temperature drift relative conflow signal 
(differential voltage), at any ambient temperature in the 
range of at least 0 to 50°C, and high air flow, is 0.WJ°C. 
This worst-case condition represents a fourfold improvement 
upon the thermistor method, however, it has been surprising- 
ly discovered the zener diodes may be relatively simply 
matched to whatever accuracy may be necessary to achieve 
any greater improvement sought by £ne simple process of 
selecting matched pairs of zener diodes. 

With reference to Figure 8, construction of the 
anemometer circuit shown results in a sampling element such 
as; a zener diode 10 being exposed to the air stream, and 
with a reference element such as a zener diode 11 substan- 
tially protected from air currents yet exposed to ambient 
temperature. In this arrangement, a sealed tube 13 is 
inserted into the wall of the pipe 12 conducting the air 
stream into the smoke detector (not shown). The glass 
hermetically-sealed zener diodes and, connecting wires are 
mechanically and electrically secured to a printed wiring 
board 14 fixed within the tube 13. Bias resistors and 
subsequent electronic circuitry are located remotely from 
the tube 13 in this example. The reference element 11 is 
protected deep within the tube 13, whilst the sampling 



^element 10 projects into the pipe. Alternatively in Fig. 
9 a similar result is Achieved using thick-film microci rcui t 
construction where semi-conductor elements, zener diode 
chips are bonded to a ceramic substrate 20, and con formally 
coated with a suitable protective .-material . 

In a modified arrangement the zener diodes are 
operated at different bias currents. In normal operation 
the sampling element would be cooled by air flow. By 
contrast, the confined space of the reference element would 
lead to a rise in temperature (oven effect). Thus it is 
deemed appropriate to operate the reference element at a 
lower bias, such that in normal operation, the elements 
attain a similar junction temperature. Whilst the tempera- 
ture characteristic is linear within the accuracy of ^ 
measurement, maintaining a similar junction temperature 
could only improve their tracking with ambient temperature. 
More importantly, because the bias current is primarily 
determined by the sampling element in terms of overall flow 
sensitivity, reduction in reference bias affords an oppor- 
tunity to reduce the overall current drain of the anemome- 
ter. Experimental results suggest an optimum ratio of 2:1. 

Fig. 10 shows a typical anemometer calibration c 
curve, for a zener diode design, with bias currents 
optimised for air speeds in the region of lm/sec. This curve 
is quite linear for much of its range, simplifying the 
adjustment of the subsequent alarm threshold circuitry. 

Fig. 11 is a schematic block diagram of the 
anemometer comprising compensating circuit 40 including 
zener diodes ZS and ZR in a resistive circuit as illustrated 
in Figure 12. The differential voltage output is applied 
to a differential amplifier 41. The output of the amplifier 

41 is applied to an optional comparator 42. An analog 
indication of air speed is provided at the output of the 
differential amplifier 41, whereas the optional comparator 

42 provides a set point to generate an alarm which could 
be used to signal excessive, or inadequate flow. 

Naturally the application of this anemometer 



method is not limited to smoke detectors. It may be extended 
to many diverse fields of fluid flow measurement, including 
chemical processing, aviation, meteorology, air-condition- 
ing, automotive, temperature measurement of fluids etc. 



CLAIMS 



THE CLAIMS, DEFINING THE INVENTION ARE AS FOLLOWS ; 
1. A solid state anemometer comprising : 

(A) a differential temperature measurement circuit 
including: . .. 

i. a bridge circuit 

ii. A source of bias supply connected to opposite 
corners of said bridge circuit thereby to define two 
branches in shunt to said bias supply? 

iii. each branch having in series a current 
limiting resistor and a Zener diode poled so that its P-N 
junction is back-biased by said supply;, and 

iv. means for connecting the conductor between 
said current limiting resistor and. the associated Zener 
diode of each branch to respective output circuits whereat a 
differential output voltage qan be sensed; 

the values/of said current limiting resistors and the 
breakdown voltage-current characteristics of said Zener 
diodes being substantially identical; the voltage of said 
bias source being sufficient to cause a reverse breakdown of 
substantially equal value to flow through each of said Zener 
diodes, whereby when the temperature of said two Zener 
diodes is substantially the same ove T r a considerable range 
of ambient temperatures the said differential output voltage 
is substantially negligible; and whereby, as the 
temperature difference between" said Zener diodes increases 
over said considerable range of ambient temperatures, said 
differential output voltage varies substantially and 
correspondingly in linear relation to said temperature 
difference; .wherein both said Zener diodes are under the 
thermal influence of a fluid, one of said Zener diodes being 
exposed to the thermal influence of a fluid flow and the 
other Zener diode being isolated from said fluid flow, 
whereby the heat developed by the reverse breakdown current 
through each Zener diode is dissipated differently because 
of the difference in fluid flow; and 

(B) means for measuring the differential output 
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voltage, if any, existing between said diodes caused by the 
cooling effect of said flui<* flow, if any, said measured 
differential being an indication of fluid flow speed. 

2 # The solid state anemometer of claim 1 in which the 

amount of current which flows through said P-N junctions of 
each said Zener diodes produces heat at each P-N junction of 
substantially the same, quantity. , 
• , . <• 

3. The solid state anemometer of claim 2 in which the 
heat produced at each P-N junction is substantially 80 
milliwatts. 

4. An optical air pollution monitor, said monitor 
including a solid state anemometer according to claim 1 
which is used as an air flow detector, one of the Zener 
diodes of said anemometer being exposed to a fluid flow in 
said monitor, said fluid being sourced from an area under 
surveillance, the other Zener diode of said anemometer being 
isolated from said fluid* flow but being in fluid having 
substantially the same temperature as the area under 
surveillance, said differential output voltage being an 
indication of continuous fluid sampling by said air 
pollution monitor from said area under surveillance. 

5. The optical air pollution monitor according to 
claim 4, further comprising difference'' amplifier means 
responsive to and measuring said differential output 
voltage, and thereby indicating whether there is adequate 
fluid flow to said pollution monitor. 

. 6. The optical air. pollution monitor as claiming in 

claim 4 or 5, wherein said one of the Zener diodes exposed 
to a fluid flow is positioned in a sampling tube of said 
pollution monitor, 

DATED this 16th day of June 1988. 
MARTIN TERENCE COLE 
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